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Partial Translation of 
JP 08-264361 A (Cited Reference 2) 



[Claims] 

[Claim 1] A method for manufacturing a rare earth magnet, 
characterized in that one or more kinds of metal having a 
melting point of 200 to 700 ®C is added to rare earth 
magnetic powder and that the magnet is manufactured by 
using discharge plasma sintering. 

[Claim 2] A method for manufacturing a rare earth magnet 
according to claim 1, characterized in that zinc is added 
to rare earth magnetic powder and that the magnet is 
manufactured by using discharge plasma sintering • 
[Claim 3] A method for manufacturing a rare earth magnet 
according to claim 1, characterized in that tin is added to 
rare earth magnetic powder and that the magnet is 
manufactured by using discharge plasma sintering. 
[Claim 4] A method for manufacturing a rare earth magnet 
according to claim 1, characterized in that lead is added 
to rare earth magnetic powder and that the magnet is 
manufactured by using discharge plasma sintering - 
[Claim 5] A method for manufacturing a rare earth magnet 
according to claim 1, characterized in that aluminum is 
added to rare earth magnetic powder and that the magnet is 
manufactured by using discharge plasma sintering. 
[Claim 6] A method for manufacturing a rare earth magnet 
according to claim 1, characterized in that a lead/tin 
alloy is added to rare earth magnetic powder and that the 
magnet is manufactured by using discharge plasma sintering. 
[Claim 7] A rare earth magnet manufactured by using a 



method according to any one of claims 1 to 6. 



[0009] 

[Means for Solving the Problem] The present invention is 
characterized in that one or more kinds of metal having a 
melting point of 200 to 700 °C is added to rare earth 
magnetic powder and that the magnet is manufactured by 
using discharge plasma sintering. A discharge plasma 
sintering process, which is also called a plasma-activated 
sintering process, passes a pulse-like electric current 
directly in metal powder under pressurization and thereby 
causes spark discharge and plasma generating and makes 
powder sinter. A basic configuration is shown in Figure 1. 
The basic configuration consists of a press for shaping, a 
power source for passing electric current, and a die. This 
process was developed in the 1960s and has been applied to 
development of an intermetallic compound, a functionally 
gradient material, etc. Because a discharge plasma 
sintering process uses the generating of the discharge 
plasma as energy for sintering, the temperature gradient by 
the location hardly happens, and a homogeneous high- 
definition sintered body is obtained. Moreover, the 
sintering rate is also quicker than that of a conventional 
sintering process. Furthermore, it is also characterized 
by its capability of junction of ceramics and metal and of 
production of a porous sintered body which were said to be 
difficult until now. 

[0010] The present invention applies this discharge plasma 
sintering process not to sintering of usual metal or 
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ceramics but to a heating means for causing melting of 
metal as a binder added to magnetic powder. After adding 
metal powder having a melting point of 200 to 700 ®C to 
magnetic powder and filling up a mold, pulse electric 
current is passed under pressure according to the principle 
of discharge plasma sintering. By passing electric 
current, the metal powder added as a binder and the rare 
earth magnetism powder itself generate heat. The 
temperature rise by heating melts the metal as a binder, 
and the melted metal advances into the opening between 
magnetic powder by simultaneous pressurization and 
functions as liquid lubricant, and the molded body becomes 
dense. After becoming dense to some extent, the mold is 
cooled, and the molded body is taken out. As a result, a 
rare earth magnet, which uses metal as a binder, can be 
obtained. 

[0011] The melting point of metal added as a binder in 
claim 1 is 200 to 700 °C because a melting point below 200 

is inferior in thermal resistance as compared with resin 
and because at not less than 700 °C sintering of magnetic 
powder takes place and makes addition of a binder 
meaningless . 
[0012] 

[Example] The invention will be explained below with 
reference to examples. 

[0013] (Example 1) Magnetic powder, which comprises Nd, 
Fe, B, and Co as the principal component and was prepared 
by the quenching thin band method, was used as raw material 
powder. After grinding the magnetic powder using a 
vibration ball mill so that its mean particle diameter may 
become about 36 micrometers, particles having a diameter of 
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90 micrometers or moire were removed using a screen. One 
(1.0) or two (2.0) percent by weight of aluminum alloy 
BA4047 (JIS Z 3263) powder having a mean particle diameter 
of 20 micrometers was added to the obtained powder, and 5 
kg of the powder was mixed for 10 minutes using a high 
speed flow type mixer (6500 RPM) having a capacity of 15. 
liter. A ring-molding die with an outside diameter of 23 
mm and an inside diameter of 17 mm was filled up with 40 
grams of the obtained powder^ and it was set in a discharge 
plasma sintering equipment. Sintering conditions were a 
heating rate of 80 degree/min, a sintering temperature 
(retention temperature) of 600 a retention time of 3 
minutes, a cooling temperature of 60 **C/min, and an applied 
pressure of 650 kgf/cm^, and an electric current value of 
1000 to 1500 A. 

[0014] After sintering, the molded body was taken out, and 
was divided into 5 pieces equally in the height direction, 
and a density of each piece was measured by the Archimedes 
method. In addition, for the comparison, a magnet having 
the same shape was prepared using the same raw material 
powder with a hot press at a heating rate of 50 °C/min, a 
retention temperature of 600 ®C, a molding retention time of 
3 minutes, a cooling rate of 30 °C/min and a pressing 
pressure of 650 kgf/cm^. 

[0015] The result is shown in Figure 2. 

[0016] Figure 2 shows that the present invention can 
provide a uniform rare earth magnet having little density 
variation by location. 
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